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The production of the compounds of formula 1 with a yield and purity suitable for
commercial use has presented several difficulties. As described in detail below, the use of
30 previously disclosed methods results in the production of significant amounts of the
regioisomer of the compouhd of formula 1, which is difficult to separate from the compound of
formula 1 without significant loss of yield. Applicants’ investigations have revealed that
preparing the compound of formula 1 at low temperatures favors the regioselective production
of the compound of formula 1 but provides poor yields and the presence of an intermediate as
35 a major impurity. On the other hand, maintaining the reaction temperature high enough to
allow the consumption of the intermediates causes another problem, namely, the productlon

of the regioisomer of the compound of formula 1.
Applicants solved these problems by discovering unexpectedly that the use of water

as a co-solvent in the reaction provided the following benefits: (1) the production of the



all ow the consunption of the internedi ates causes anot her problem nanely,
the production of the regioisonmer of the conpound of formula 1. Applicants
sol ved t heoaspeahd ens by di scoveri ng unexpectedly that thecagBoxmizesater as
a co-solvent in the reaction provided2the follow ng benefits: (1) the
production of the WO 03/029244 PCT/1B02/03908 2 regioisonmer of the
conpound of fornmula | is mnimzed, thereby resulting in the formation of
t he conpoundegdisdnmr wiitha compsund of fgrimuladiiowminezad thetepy resating 2)the feemationedund
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conpound of formula 1: SO2R4A N R M N R2 R3 5 which conprises combining
(a) a conmpound of formula 2: R R~ R3 2 OO (b) a conmpound of fornmula 3:
S2R4 N 3 NHNH2 10 (c) one or nore acids; (d) one or nore water-m scible
organi c solvents; and (e) water;



wherein 15 R1 is phenyl optionally substituted by 1-3 substituents

i ndependently selected from the group consisting of halo, hydroxy, cyano,
mer capt o, wp@kogeyal kyl , (C2-C6) al kenyl, (Cl- C6)al koxy, - ®CEF3B02/03908
(C1-C6) al kyl -S-, (Ci1-C6)al kyl -S(=0) -, 3(C1-C6)al kyl -SO2-, am no, (Cl-

C6) al kyl am no, di[(Cl-C6)al kyl]am no, H2N- (C=0O -, (Cl-C6)al kyl-NH (C=0) -
and fornyl; R2 is hydrogen, halo or (Cl-C6)al kyl; 20 R3 is (Cl-C6)al kyl
optionally substituted with from GMVARY OF JEEHNVENHONMs: and R4 is
(C1-C6) al kyl . WO§3hR28r4eRfeh/ rbBEY B 3PAsteshot fregtiing Boaep A b fofmuldhe
invention, Rl is phenyl optionally substituted with one or two

substituents independently sel ected frogphal o, hydroxy, nercapto,
(Cl-08) al kyl, (Cl-C6)al koxy and (Cl-Céjafkyl-S-. In a preferred enmbodi nent
of the invention, Rl is unsubstituted yl. In another. enbodi nent of the
invention, R2 is chloro or fluoro. In|a prieferred 5 enbodi nent of the
invention, R2 is chloro. In another prefelNred enbodi nent of the invention,
R2 is (C -C6)alkyl; in a nore preferredjenbodi nent of ;:the invention, R2 is
hydrogen or methyl. In a particulgely Nreferred enbodi ment of the
invention, R2 is hydrogen. In anotha?zgzzgdinent of the invention, R3 is
(C1-Co6) al kyl substituted with from one three halo atons. In a preferred
embodi ment of the invention, R3 is (1- )@ kyl substituted 10 with from
one to three fluoro atons. In a nore preferred enbodi nent of the invention,
R3 is difluoronmethyl or trifluoronethyl. In a particularly preferred

enbodi nent of the invention, R3is difluoronethyl. In another particularly
preferred endipsh dppliscdicofBringnvention, R3 is trifluoronethyl. In another
preferred enbodi nept of the iny ion, R4 is (A-C3)alkyl. In a nore 15
preferred enbodiﬁ@ﬂt O?C?Wﬁ§UW%9§§bb®ﬁ?'R4 is methyl. In another enbodi nent
of the invention, Rl is unsubstituted pwenyl and R2 is hydrogen. In

anot her enbodi nent of the invention, Rl|is ypsubstituted phenyl, R2 is
hydrogen, R3 is methyl substituted®nit , two or thyee fluoro and R4 is

methyl. In a preferred enbodi nent of||thejji nvention, Rl is unsubstituted
phenyl, R2 is hydrogen, R3 is 20 diflQoro@ethyl or trifluoronethyl and R4
is nethyl. In a particularly preferred enbodi nent of the invention, Rl is

unsubstituted phenyl, ' A6 3R3 is difluoronmethyl and R4 is
methyl. In this é%%licg??%%yngﬁgeterﬁrﬁconpound of formula 1" includes a

conpound of fornmula 1 as well as a conpound of fornmula 1 a, wherein R3 is
trifluoromethyl or difluoronethyl, and ggg*
2

X
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10
(c) one or more acids;
(d) one or more water-miscible organic solvents; and
(e) water;
wherein
15 R' is phenyl optionally substituted by 1-3 substituents independently selected from

the group consisting of halo, hydroxy, cyano, mercapto, (C4-Ce)alkyl, (C,-Cg)alkenyl, (Cy-
Cg)alkoxy, -OCFs3, (C4-Ce)alkyl-S-, (C4-Cg)alkyl-S(=0)-, (C4-Ce)alkyl-SO2-, amino, (C+
Ce)alkylamino, di[(C4-Ce)alkyllamino, HxN-(C=0)-, (C4-Ce)alkyl-NH-(C=0)- and formyl;
R? is hydrogen, halo or (C4-Ce)alkyl;
20 R®is (C4-Ce)alkyl optionally substituted with from one to three halo atoms; and
R*is (C1-Ce)alkyl.
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to a parti CUIpreferred embodiment of the invention, R' is unsubstituted phenyl, R? is hydrogen, R is
20 difluoromethyl or trifluoromethyl and R* is methyl. In a particularly preferred embodiment of
the invention, R' is unsubstituted phenyl, R? is hydrogen, R® is difluoromethyl and R* is
methyl.
In this application, the term “compound of formula 1” includes a compound of formula

1 as well as a compound of formula 1a, wherein R? is trifluoromethy! or difluoromethyl, and a

25 compound of formula 1b:
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The compounds of formula 1a and formula 1b are preferred embodiments of the
compound of formula 1, to which all of the embodiments, preferred embodiments and
particularly preferred embodiments of the processes described herein apply. The compound

30 of formula 1a is a particularly preferred embodiment of the compound of formula 1, to which

all of the embodiments, preferred embodiments and particularly preferred embodiments of the
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solute and solvent, as well as the presence of other solutes and/or solvents whose chemical

properties and relative proportions may affect the miscibility of the solute of interest.
The phrase “organic solvent” as used herein, unless otherwise indicated, means a
non-aqueous solvent or mixture of non-aqueous solvents.

30 In an embodiment of the invention, the one or more water-miscible organic solvents
comprise one or more water-miscible alcohols. In a preferred embodiment of the invention,
the one or more water-miscible alcohols contain from 1 to 12 carbon atoms. In a more
preferred embodiment of the invention, the one or more water-miscible alcohols are selected
from the group consisting of methanol, ethanol, n-propanol, isopropanol, n-butanol, sec-

35 butanol and tert-butanol. In a particularly preferred embodiment of the invention, the water-
miscible alcohol is ethanol or isopropanol. In another particularly preferred embodiment of

the invention, the water-miscible alcohol is isopropanol.



15 before the addition of (e), and in a preferred enbodi nent of the

i nvention, (a), (b), (c) and (d) are conbined before the addition of (e).

| n anot hewoagietiaent of the invention, the tenperature | PCraBo/@vosed at a
tenperature | ower than the reflux tenperature of the conbination of (a),
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t han about 10% of In another embodiment of the invention, the temperature is mai
temperature lower than the reflux temperature of the combination of (a), (b), (c) and (d). In
another embodiment of the invention the temperature is maintained at a temperature lower
20 than the reflux temperature of the combination of (a), (b), (c), (d) and (e).

In any embodiment of the invention wherein (a) and (b) are combined, the process of
preparing a compound of formula 1 further comprises, after (a) and (b) are combined,
maintaining the temperature below about 40°C until the amount of (b) has decreased to less
than about 10% of its initial value. In a preferred embodiment of the invention, the process for

25 preparing a compound of formula 1 further comprises, after (b) has decreased to less than
about 10% of its initial value, increasing the temperature to at least about 30°C.

In another embodiment of the invention, the process of preparing a compound of
formula 1 further comprises maximizing the conversion to the compound of formula 1 of an

intermediate of the formula 4:

SO,R
| AN
~N
4.
R! N \N
HO /
R’ R®

30



10 the initial molar anmount of (b). In an enmbodinent of the invention, the
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25 the molar amount of (a) the compound of formula 2 or (b) the compound of formula 3. ltis to
be understood that the percentage yield of a referenced compound is generally lower than the
percentage of completion of the reaction, due to processing and purification losses, e.g. upon
washing and/or recrystallization of the compound of formula 1.
In an embodiment of the invention, the processes of the invention produce a
30 compound of formula 1 which is at least 90% pure, preferably at least 95% pure, more
preferably at least 97% pure, and most preferably, at least 99% pure. It is to be understood
that any compound which is produced in a process of the invention, other than the compound
of formula 1, is to be considered an impurity, the amount of which is to be compared to the
total yield of the process in order to calculate the percent purity of the compound of formula 1.
35 Accordingly, a compound of formula 1 which is “90% pure” means a substance containing
90% by mass of the compound of formula 1, and 10% by mass in total of all other
compounds, including any residual solvent(s) (including water) used in the process of the

invention which are not removable by conventional drying techniques such as those
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(e). In a preferred 5 enbodi nent of the invention, the conbination is

gr anul at eaofos2et4 | east about 2 hours. In a particularly pcafiBoyedos

enbodi nent of the invention, Rl is un8ubstituted phenyl and R2 is
hydrogen. In another particularly preferred enbodi mrent of the invention, R3
is difluoronmethyl or trifluoronethyl 10 In another particularly preferred

ermbodi ment  gisdibig Herd@d.d. Oblow BdingSverait Yityingl in aaoér exg. prrt temopératuteyup to
preferred embodi ment of the invention, R3 is difluoromethyl. In an

enbodi nent 8P4 A% nvention, the nolar anount of the conmpound of forpula 2
is about the salrearasmiyduanenbbizhe imestion, thsf progess £a5 RisHAINY oFortngHRLpf{oraula

Exanmples 1 r emp hd@)i mvermprefared of
~xamples 1 1 i rtt%@%&n&%fes B%Iélbtgxr@rtﬁé ssrhichtieBO@), BN, @ ahdie). mrl orad of

particdi arl ?”}9?‘@'1”@?"‘10&@9 iny Baﬁlﬂr%?ﬂmb"\nﬁo’hﬁ g?ﬁ’%ﬁ?%ﬁﬁﬁeasm% Invention, the
processes of thein a\peﬁbulamy prefeded emborimen whthe infentiors Ripo uprebgitutehphaly: 6
which is Ie%s k of t he amount of the conpound of formula 1,
preferably, Pess t % and nore preferabl | ess

particularly pr efl@ﬁll"fé@f PotigHH b P eferrRd %WbW'H@“%/W\}'éen‘PY%‘ on, ??hés %t}”&oé'%e%hé’ LO%f t he

i nvention praduemedp anount of a compound of formula 6 which is Iess than

1% of the anmount of Adn i@ idBetiider st ood t hat
in thi&inventi oﬂ TQE@" r@@peée%ﬂﬁﬁ{s? '#]ént%fthg\g%econ dn 2 ﬂf or. exanpl e,

the conpounds of M mqmraarlctdﬁw PfQﬁfWﬂlea‘bB?'mﬁ'ﬁ>9¥‘B§ ”U%'"t't\QPrﬁ rdgPmEY- reans
available to t hedlﬁ)éldiarﬂ%d(m&{taﬁthé Inl/@fﬁerﬁ,,th&n@ar,anﬁﬂuhmfmeaﬁ»mplhndﬁ),f Ijormula 2is .
spectrometric and spectroscopi c 25 the method is to be
chosen accoraaPWéhets@R'tet‘?é t'ﬁee@?'gead“qug\/o cf’%écéuﬁ@l f fom\?% ., 10% 5% 2%
1% of one parti cixamplesriperdegsch rset @[th\mef@ffﬁdamwwe” S of taﬁ "é’ﬁbtlf)’at Alebich ¢ he

relatiye am’é&@Fn@le usté16refé%9%%9§mait by sukiachlERpld OrisTalpartibulatyeprefetret i ned
by chromatogra preferably, HPLC (high performance |Iiquid

chr omat ogr aptiprd 'Ble”lTLC (thin- layer chronatography). In a particularl
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compound of gv%ﬁarrFe to thGe org'nary practitioner, e.g., chromatographic, spectrometric and spectroscopic
25 methods, and that the method is to be chosen according to the desired level of sensitivity,
' e.g., 10%, 5%, 2%, 1% of one particular component relative to another. In an embodiment,
the relative amounts of the compounds of formula 1 and formula 6 are determined by
chromatography, preferably, HPLC (high performance liquid chromatography) or TLC (thin-
layer chromatography). In a particularly preferred embodiment, the relative amounts of the
30 compounds of formula 1 and formula 6 are determined by HPLC. In another embodiment, the
relative amounts of the compounds of formula 1 and formula 6 are determined by
spectroscopic methods, preferably, IR (infrared) or NMR (nuclear magnetic resonance)
speciroscopy.
Impurities which are currently known to result from carrying out the process of this
35 . invention, wherein the product of the reaction is the compound of formula 1a, include in
addition to starting material impurities (i.e., in the compounds of formulas 2 and 3), residual
intermediates (i.e., the compounds of formulas 4 and 5) and the compound of formula 6, are

the following compounds:
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In addition, in a process for preparing a compound of formula 1a, i.e., wherein R® is

difluoromethyl, the compound wherein R® is trifluoromethyi (i.e., a compound of formula 1b)
has sometimes also been detected as an impurity.
In an embodiment of the processes described herein, the reaction is carried out at
5 about atmospheric pressure. In this application, the term “atmospheric pressure” means a
pressure within the normal range of meteorologic atmospheric pressure for a particular
altitude, while the term “elevated pressure” means a pressure above atmospheric pressure.
In another embodiment of the processes described herein, the reaction is carried out at
elevated pressure.

10 Unless otherwise indicated, the term “alkyl” as referred to herein, as well as the alkyl
moieties of other groups referred to herein (e.g., alkoxy), may be linear or branched (such as
methyl, ethyl, n-propyl, isopropyl, n-butyl, iso-butyl, secondary-butyl, tertiary-butyl), and they
may also be cyclic (e.g., cyclopropyl, or cyclobutyl); optionally substituted by 1 to 3 suitable
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As used herein, the term “alkoxy” refers to O-alkyl groups, wherein alkyl is as defined
25 above.

As used herein, the term “alkoxycarbonyl” refers to an alkoxy radical as described
above connected to a carbonyl group (>C=0), which, in turn, serves as the point of
attachment.

The phrase "pharmaceutically acceptable salt(s)", as used herein, unless otherwise

30 indicated, includes salts of acidic or basic groups which may be present in the compounds of
the present invention. The compounds prepared by the processes of the present invention
that are basic in nature are capable of forming a wide variety of salts with various inorganic
and organic acids. The acids that may be used to prepare pharmaceutically acceptable acid
addition salts of such basic compounds of the present invention are those that form non-toxic

35 acid addition salts, i.e., salts containing pharmacologically acceptable anions, such as the
hydrochloride, hydrobromide, hydroiodide, nitrate, sulfate, bisulfate, phosphate, acid
phosphate, isonicotinate, acetate, lactate, salicylate, citrate, acid citrate, tartrate,
pantothenate, bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate, giuconate,

glucaronate, saccharate, formate, benzoate, glutamate, methanesulfonate, ethanesulfonate,
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scope of this invention. Certain isotopically-Ilabelled conpounds prepared
by the processes of the present invention, for exanple those into which
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25 and Alternate Preparation 2, and as described further hereinbelow, as well as by methods
which are known in the art. It is to be noted that PCT publication WO 01/40216, published on
June 7, 2001, corresponds to Serial No. 09/724,446. Compounds of formula 2 are also
taught in U.S. application Serial No. 09/723,609; the European application 310533.5
corresponding thereto was published on June 6, 2001, as EP 1104758.

30 It has been discovered that the pyrazole compounds of formula 1 are particularly
preferred among the compounds disclosed in application 09/724,446. However, applicants
have discovered, as shown in Scheme 2, that using the processes disclosed in application
09/724,446 to prepare a compound of formula 1 results in the formation of a mixture of a
compound of formula 1 and its regioisomer (i.e., @ compound having the formula 6, where the

35  positions of R' and R® are reversed compared to the compound formula 1). Accordingly, it is
an object of this invention to provide a process for the regioselective production of the
compound of formuta 1 with high yield and purity.

The regioselective production of the compounds of formula 1 (i.e., while avoiding the

simultaneous production of 6) with a yield and purity suitable for commercial use has
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25 nature are capable of formmg a wide variety of different salts with various inorganic and

organic acids. Although such saits must be pharmaceutically acceptable for administration to
mammals, it is often desirable in practice to initially isolate a compound prepared by the
processes of the present invention from the reaction mixture as a pharmaceutically
unacceptable salt and then simply convert the latter back to the free base compound by
30 treatment with an alkaline reagent, for use in subsequently reactions or for the preparation of
a pharmaceutically acceptable acid addition salt. The acid addition salts of the base
compounds prepared by the processes of this invention are readily prepared by treating the
base compound with a substantially equivaient amount of the chosen mineral or organic acid
in an aqueous solvent medium or in a suitable organic solvent. Upon careful evaporation of
35 the solvent, the desired solid salt is readily obtained. The desired salt can also be precipitated
from a solution of the free base in an organic solvent by adding to the solution an appropriate

mineral or organic acid.
The compounds of formula 1 prepared by the processes of this invention and the

pharmaceutically acceptable salts thereof (hereinafter “the active compounds”), may be
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suitably sweetened and/or flavored. In general, the active compounds are present in such
dosage forms at concentration levels ranging from about 5.0% to about 70% by weight.
Numerous examples of acceptable carriers, diluents, excipients, disintegrants, lubricating
30 agents, sweetening and flavoring agents, coloring matter or dyes, emulsifying agents,
suspending agents, diluents, buffers, creams, jellies, gels, pastes, patches, ointments, efc.
useful in the preparation of pharmaceutical compositions and formulations are known in the
art, see, Remington's Pharmaceutical Sciences, Mack Publishing Company, Easton, Pa., 18th
Edition, Gennaro, ed. (1990), pages 1545-1580. The preparation of all these compositions

35 under sterile conditions is readily accomplished by standard pharmaceutical techniques will

known to those skilled in the art.
For administration to animals other than humans, such as cattle or domestic ammals

such as dogs or cats, particularly dogs, the active compounds may be administered in the

feed of the animals or orally as a drench composition.
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I nhi bitors such a?h&@&n%g?f&stbf #ula 1 prepared by the processes of the invention can also be
25 used in combination with existing therapeutic agents for the treatment of osteoarthritis.
Suitable agents to be used in combination include standard non-steroidal anti-inflammatory
agents (hereinafter NSAID’s) such as etodolac, piroxicam, diclofenac, propionic acids such as
naproxen, flurbiprofen, fenoprofen, carprofen, ketoprofen and ibuprofen, fenamates such as
meclofenamic acid, mefenamic acid, indomethacin, sulindac, apazone, pyrazolones such as
30 phenylbutazone, salicylates such as aspirin, COX-2 inhibitors such as celecoxib and
rofecoxib, analgesics and intraarticular therapies such as corticosteroids and hyaluronic acids

such as hyalgan and synvisc.
The compounds of formula 1 prepared by the processes of the present invention may
be administered in combination with inhibitors of other mediators of inflammation, comprising
35 one or more members selected from the group consisting essentially of the classes of such
inhibitors and examples thereof which include, matrix metalloproteinase inhibitors,
aggrecanase inhibitors, TACE inhibitors, leucotriene receptor antagonists, IL-1 processing
and release inhibitors, ILra, H, -receptor antagonists; kinin-B4 - and B, -receptor antagonists;
prostaglandin inhibitors such as PGD-, PGF- PGy, and PGE-receptor antagonists;
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and hyal uronic acids such as hyal gan and synvisc. The conpounds of fornula
1 prepar edolwg/ordres processes of the present invention nay Pog/IRe3nisst er ed
in conmbination with inhibitors of oth®8 nediators of inflanmmation,
conprising 35 one or nore nenbers selected fromthe group consisting
essentially of the classes of such inhibitors and exanpl es thereof which
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hydroxychlorqu|n xant hi ne OXI dase
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the processes of the sent. i nven gel n conbi nati on
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drugs such as adr Tingemipoyndsad frompts hprepdred by the |pm9ﬁ§seéﬂbtb®8fe§|@t inveptign may

taxotere andgg h&@ée@'lﬁj&am AitiBn Wfth\ﬁnﬁ@nweﬁ%h% aﬂ@@th@ﬂ&dr&&faﬁ&ﬂﬂr idkugs irieiBd as
met hot r exat e.

e conpoun of formul t he proce
present i nvel®t9f§et tH%W”s&F"é‘?S‘cﬁ% b ?H’t?"qsae@B‘E’b‘Pﬁ%\({"?gon%ﬁqﬁ'oaﬁr{’}'ocﬁrsd%? §stc @erﬁglg fves
and ot her caindudivgsangina) ddngestive nihesnd dallurel cargf fryetarditle mﬁamrt@eq@elﬁ@te@ fsm
e S oDl stk 89 nIMrBBLNE] RleARna ARt AdgBRAE Theh 12 prapfdridd ng

angi na, heart ° ure arc lon, , selected
from vasodi tation shannehblaskersysichl ay mf@lplrﬁv a‘dﬁ@'ﬁ@?fglp@Q?W%ﬁ‘ﬂ@rasaﬁ?’éﬂ@ﬁn%t s

such as propLaB QL recefdt Qrktéﬁansk@Q%' asbér%éﬁ%r SncS HMB-@sA-Rblcbate hisktors (anti-
a2-adrenergi ¢ agoni sts such as clo t?%?ﬁfgrenergl C receptor

ant agoni sts BYRefFhalestpielentissy ?P"hz?ﬁd°ﬁ§ﬁ?}"@r@ Tase inhibitors (anti-
hyper chmol est er ol emhe s)msiuad oberrhalaasiregaret ny thapmcessss aft thepresant Nyentied MFYund

of formula 1,9¢ %Baardﬁﬂ'l n%é(reé h\eccﬁﬁﬂﬁsﬁoﬁe\ﬁlthoénet BembBleesRiBibtid, BM@OYga Rnfifidtozaal, SO

be adm ni stered one or nore antibiotic, antifungal,
anti prot ozoaP'}'“V'rﬁﬁf$'W‘?ré'l'ef%ﬂe“§‘?ﬂﬁl?"é? therapeutic agents. The compounds of
formula | prepar eghdyorhfandy easans 1 plepadea bp thegestiessen weihe pasentinyention may

also be used in combination with CNS agents such as antidepressants (such as sertraline),

25 anti-Parkinsonian drugs (such as L-dopa, requip, mirapex, MAOB inhibitors such as selegine
and rasagiline, comP inhibitors such as Tasmar, A-2 inhibitors, dopamine reuptake inhibitors,
NMDA antagonists, nicotine agonists, dopamine agonists and inhibitors of neuronal nitric
oxide synthase), and anti-Alzheimer’s drugs such as donepezil, tacrine, COX-2 inhibitors,
propentofylline or metryfonate.

30 The compounds of formula 1 prepared by the processes of the present invention may
also be used in combination with osteoporosis agents such as roloxifene, lasofoxifene,
droloxifene or fosomax and immunosuppressant agents such as FK-506 and rapamycin.

The present invention also further comprises formulating the compound of formula 1
prepared by the processes of the present invention alone or with one or more other

35 therapeutic agents which are to form the intended combination, including wherein said
different drugs have varying half-lives, by creating controlled-release forms of said drugs with
different release times which achieves relatively uniform dosing; or, in the case of non-human
patients, a medicated feed dosage form in which said drugs used in the combination are

present together in admixiure in said feed composition. There is further provided in



al so be used in conbination with CNS agents such as antidepressants (such
as sertraline), 25 anti-Parkinsonian drugs (such as L-dopa, requinp,

m rapex, WPROB/o029 bitors such as sel egi ne and rasagi |l i ne, PCarmBo/o3p080i t Or s
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ant agoni sts, nicotine agoni sts, dopam ne agoni sts and i nhi bi tors of
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uni formdosing; or, in the case of non-human patients, a nmedicated feed
dosage formin whieoksaing Exangles ferther ilksteatasthe sletion 204 ipierapdiatespfdagpipsent
toget hgp i N AcEHLSL. Uk B tb Pe Gitlefsido8 @HataREP@Ser: indéhtior Retoelinited fidliht Bpdcifierdetsilsied
in WO 03/029244 PCT/ | BO2/ 03388 19 accordance with the present invention
co- adni ni st r &hOREARIFRIVIICY RE%onbi nati on of dr ugs is achieved by the

si mul t aneousAsaalyticaiingthods i on of said drugs to be given in conbination;
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of adm ni stration; use of nat i ons | épq efr

but regul ar EHHCé'B'ﬁfﬁ ?fﬁ%fW?ech%‘i'ﬁ‘?& g“ﬁ&ﬂ'@ﬂl‘ﬂl“@% W\%F%&’ []:§§f:¥“g Bratha ‘Fevel s
of sai dsdr ugmni Reabridinaere 150mmtiaileregh,iima tHesleg dackeand 1109edysigmt at @anieainutey en
though the i n}%béﬂrlgygéso%ra}{&sat%éfh%g ERdRA A—ﬂJtﬁl‘?WQé U@d'vﬂtﬂ f@lﬁ\ﬁln Q'Te PtP@dré}g 15-

adm ni stered S mul t aneous ) 8 ?/'&E eqs%fxrt her
i |lustrate tménuiagholb Gﬁ%d‘\iﬂ/eﬁnjéhm%%ra&p t? R&% g/ @é‘h? 5T uted (t is
to be under stond.t ivehtha gaiseRE 0.2Z04epHosaHoric Bicidoih HRLG tvetdr; tIpivehieBs p&ich f i ¢
details of th i ded bel ow. Anal ytical nmethods The anmounts of
starting mat é‘?‘i’q&rﬁx'%n? Le(% ‘?Vr%t %/at es and products were determ ned by HPLC
unl ess 29t herwi se specified. The colum used was a Zorbx -RX-C8 CN col um of
4.5 15 mminterior di arreter 150 nm i rexe@pigtth, in a Hew ett Packard 1100
systemat 2 nl/mi .bsort%anqﬁ at 0_31 nm. G adi ent elution was
used with foFFewiTs Asennls Sl At iisime 6090A /| 40% B
10-mi nute ranp toT@O%ZAg/of aoaet@lsﬂomlh&h@rwmbpwéme(ﬁ%WOIes) was charged

isopropanol (45 gallons) followed by 4,4-difluoro-1-phenyl-1,3-butanedione (12 0 kg,

25 61.5moles, 0.96eq.) as a melt, followed by 45 gallons of isopropanol. The slurry was stirred

for 15 minutes, then 3.6 L of concentrated sulfuric acid was added (slight exotherm) (30V of

isopropanol total). The reaction was heated to 75°C and held for 1 hour. The pot was then

cooled to 20-30°C. After reaction completion assay, 126 gallons (40V) of water was added

(slight exotherm, reaction temp kept below 45°C) and the reaction product was granulated for

30 2 hours. The product was filtered on a 36-inch nutche filter dressed with a poly cloth in less
than 2 hours. The filter cake was rinsed with an additional 12 gallons (4V) of water, and the
cake was blown dry for 12 hours. The product contained 2.2% of compound 6 as the major
impurity (by HPLC; retention time 5.1 minutes). Analytical data: HPLC retention time (title
compound) 8.4 minutes; MS: 349.36 (calc), M+1 = 350.1; '"H NMR in CDCl,: 8.75 doublet,

35 (1H), 8.26 Quartet (1H), 7.38 multiplet (3H), 7.36 doublet (2H), 6.70 multiplet (2H), 3.08,
Singlet, (3H); "*C NMR in CDCls: 15.3, 149.3, 147.9, 146.6, 138.1, 130.27,133.5, 130.0,
129.1, 128.7, 117.9, 113.4, 111.1, 108.1, 107.7, 45.).



40% B. Sol vent A: solution of 0.2% phosphoric acid in HPLC water; Sol vent
B: 85% Acetonitrile in HPLC water. 20 Exanple 1

5- met hyl swibfoafg424£- [ 5- phenyl - 3-di f| uoronet hyl -1 H pyrazol PCTHB)2008p08di ne To
12.2 kg of 5-(nethyl sul fonyl)-2-hydra2i nyl-pyridine (64.1 noles) was
charged isopropanol (45 gallons) followed by 4,4-difluoro-1

- phenyl -1, 3- but anedi one (12.0 kg, 25 6]E 5m)ll 8s, 0.96eq.) as a nelt,
fol l owed by 45 gall ons of isopropanol . 82 urry was stirred for 15
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PCT/ | B02/ 039080 miple(akt B88.Binglet, (3H); ®C NMR in CDCl: 15.3, 149.3, 147.9, 146.6, 138.1,

5-met hyl sul f psyi7 &3ls21 0N ERY9 1,381 h b oBLNY] 1 4 165 PW0?Z04s. 1- Y1 1 pyri di ne To
120 ¢ 0&65- (met hyl sul fonyl ) -2-hydrazi'nyl -pyridi'ne ['CP-675,775] (0. 641

nol es) Ras charged i sopropanol (900 nL) followed by 4, 4-difluoro-1

- phenyl - 1, 3- but anedi one (122 g, 5 0. 61%kxampleg, 0.96 eq.) as a nelt,

fol | owed by i—%t?g?éulﬂ‘:wizﬁgﬁﬁgﬁgﬁ -Qiﬂuor-gh'?et |—H—rl- radil - .ri iEgd for 15 m nutes,
then 36 nL o ] ht exotherm (15
vol umes of i sopr op2REPT Fid Nitrages RuserRd 1 bFPungbotiom faskindeppitresiour s at
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(methylsulfonyl)-2-hydrazinyl-pyridine reaction mixture keeping the pot temperature less than

25 25°C. After addition, the mixture was stirred at 22°C for 2.0 hours and sampled for
disappearance of starting material. When the starting materials had disappeared (less than 15
remaining), the pot was then heated to 40°C for 5.5 hours until disappearance of the
intermediate. The resulting slurry was filtered and washed with water to achieve a pH 6-7 of
the filtrate. The solids were then charged to a 250 mL 3-neck round-bottom flask. To the flask

30 was added: 31.25 mL water (1.2 volumes) and 31.25 mL isopropanol (1.2 volumes). The
mixture was heated to reflux (85°C) for 30 minutes. The pot was allowed to cool to 28°C and
the solids were isolated by filtration and washed with 20 mL isopropanol. The solids were
dried in a vacuum oven at 45°C. The product was obtained with 87% yield and contained
0.54% of the compound of formula 6 (retention time 5.1 minutes). Analytical data: HPLC

35  retention time (title compound) 8.4 minutes; MS: 349.36 (calc), M+1 = 350.1; '"H NMR in
CDCls: 8.75 doublet, (1H), 8.26 Quartet (1H), 7.38 multiplet (3H), 7.36 doublet (2H), 6.70
multiplet (2H), 3.08, Singlet, (3H); "*C NMR in CDCl3: 15.3, 149.3, 147.9, 146.6, 138.1,
130.27,133.5, 130.0, 129.1, 128.7, 117.9, 113.4, 111.1, 108.1, 107.7, 45.



6.70 nultiplet (2H), 3.08, Singlet, (3H); 13C NVR in CDCl 3: 15. 3, 149. 3,
147.9, 146.6, 138.1, 130.27,133.5, 130.0, 129.1, 128.7, 117.9, 113.4,
111.1, 1080b3/039244 7, 45. 15 Exanmple 3 PCT/IB02/03908

5- met hyl sul f onyl - 2-[ 5- phenyl - 3-di f| ua¥lonet hyl -1 H pyrazol - 1-yl ] pyridi ne To
a clean and dry nitrogen purged 1 L round-bottom flask under nitrogen

at nosphere was charged 25.6 g of 5-(neth Isulfonyl) 2- hydrazi nyl - pyri di ne
(0.14 noles), 512 20 mL water (20 vol uﬁ%@o—and 16 mL of concentrated H2SO4
(0. 063 vol unéghethyisulfenys2{fapreny- 35ﬁmJormhetﬂxylnEIadyrazolwnyl]pwrteom flask, was
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25 Preparation 1
In addition to the methods disclosed in Serial Nos. 09/724,446 and 09/723,609 for

preparing compounds of formula 2, applicants have utilized the following process for

preparing 1-(phenyl)-1,3-butanediones, which comprises treating a compound of the formula

R
R\H)
o)

30 with an optionally substituted ester of the formula

R\”/O\/R

O

2



vol unes) and 508 g (2.56 noles) of 4,4-difluoro-1-phenyl-1, 3-but anedi one.
The i sopropanol/ 4, 4-difluoro-1-phenyl -1, 3-but anedi one sol uti on was added
to the mwouws@Eent ai ning the 5- (nethyl sul fonyl)-2-hydrazcayBeynspésdi ne,
keepi ng the pot tenperature bel ow 30C2 After addition 10 of the
4,4-difluoro-1 phenyl 1, 3- butanedi one sol ution the m xture was stirred at
24Cfor 1.0 hour ar an

o O WS AL i Ll SRS S Ol svae e gt o
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mL. waters (2.5 volunes) and 1250 nlL i sapempaioolk (2.5 volunes). The m xture
was heated to reflnnadfi8gCyo ftoe .me&hbdsurdiscloddue inp SeriakalNo.t OHM24c46] &d premaridg C
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Ra is ethyl. The ‘fro uct conp preferab purified by
recrystalli zéﬁtr?ﬂ‘ﬁ’r frgn aﬁ‘ieferé‘P'éf'oWBI ?‘U\/ﬁf‘@““%aﬁf”ﬁr'% meﬂ}aé?sé‘ oy § lofde: ' For the
nmet handd/ wat @ydrazinolysis, preferably the amine is triethylamine, diisopropylethylamine, 2,6-lutidine,

N,N,N’,N-tetramethylethylenediamine, more preferably triethylamine, and the solvent is
water, dichloromethane, dichloroethane, toluene, preferably water.
As a specific, but non-limiting example, applicants have prepared 5-
(methanesulfonyl)-2-hydrazinyl-pyridine according to this process, as follows:
25 (a) 2-Bromo-5-(methanesulfonyl)-pyridine

) To a solution of 2,5-dibromopyridine (50 g, 211 mmol) in tetrahydrofuran (175 mL) at
0°C was added 2.0 M isopropylmagnesium chloride (274 mmol) at a rate which maintained
the temperature below 8°C . The reaction mixture was stirred at 0°C for 45 minutes, then
cooled to —15°C. A solution of methanesuifonyl chloride (32.2 g, 281 mmol) in tetrahydrofuran
30 (40 mL) was added to the reaction mixture at a rate which maintained the temperature below
5°C. The reaction mixiure was allowed to warm to room temperature and then quenched with
water (500 mL) and tert-butylethylether (300 mL). The layers were separated, the aqueous
layer was exiracted twice with tert-butylethylether (2x200 mL). The combined organic
extracts were washed with water (200 mL) and concentrated. The crude product was
35 crystallized from toluene (110 mL) and the solids were filtered to afford 29.4 g (59% yield) of
2-bromo-5-(methanesulfonyl)-pyridine. Analytical data: 'H NMR (300 MHz, CDCl3) & 3.13 (s,
3H), 7.73 (d, J=8.3 Hz, 1H), 8.07 (dd, J,=8.3 Hz, J,=2.7 Hz, 1H), 8.91 (d, J=2.5 Hz, 1H).
(i) In the reaction described above in (i), the use of methanesulfonyl fluoride as the
sulfonylating agent provided the product with 53 % yield.



5 Preparation 2 In addition to the nethods disclosed in Serial No.

09/ 724, 446 for preparing conpounds of fornmula 3, applicants have utilized
t he fol | oworgoprecess for preparing 5- (al kane PCT/IB02/03908

sul fonyl ) - 2- hydr azi nyl - pyri di nes, comdrising the steps of: (a) treating
2,5- dibromopyridine with a Gignard reagent such as propyl nagnesium
hallde or 10 j.sopro |un1 allde ? sui tab sol vent, suc
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nore preferably triethylamne, and the solven di chl or onet hane,
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exanpl e, applj=08mMzs).Eax eizprHpaised, 3:3 Hz, 1H), 8.57 (brs, 1H).

(et hanesul fonyl ) - 2- hydr azi nyl -pyridi ne according to this process, as
follows: 25 (a) 2-Bronp-5-(nmethanesul fonyl)-pyridine (i) To a solution of
2, 5-di bronmopyridine (50 g, 211 nmmol) in tetrahydrofuran (175 nL) at O0C was
added 2.0 M i sopropyl magnesi um chl oride (274 nmol) at a rate which

mai ntai ned the tenperature below 8C . The reaction m xture was stirred at
OC for 45 mnutes, then cooled to -15C. A solution of nethanesul fonyl
chloride (32.2 g, 281 mmol) in tetrahydrofuran 30 (40 nL) was added to the
reaction mxture at a rate which nmaintained the tenperature below 5C The
reaction mxture was allowed to warmto roomtenperature and then quenched
with water (500 nmL) and tert-butylethylether (300 nmL). The |ayers were
separated, the aqueous |ayer was extracted twice with tert-butyl ethyl et her
(2x200 nlL). The conbined organic extracts were washed with water (200 ni)
and concentrated. The crude product was 35 crystallized fromtoluene (110
m.) and the solids were filtered to afford 29.4 g (59% yield) of

2- br ono- 5- (et hanesul fonyl ) - pyri di ne. Analytical data: 1H NVR (300 WMHz,
CDCl 3) 8 3. 13 (s, 3H, 7.73 (d, J=8.3 Hz, 1 H, 8.07 (dd, J1=8.3 Hz,
J2=2.7 Hz, 1 H), 8.91 (d, J=2.5 Hz, 1 H. (ii) In the reaction described
above in (i), the use of nethanesul fonyl fluoride as the




sul fonyl ati ng agent provided the product with 53 %yield. WO 03/029244
PCT/1B02/ 03908 23 (iii) In the reaction described above in (i), the use of
met haneswvbDanyb2anhydri de as the sul fonyl ating agent prowcadadod/dseospr oduct
with 50%vyield. (b) 2-Hydrazinyl-5-(nmthanesul fonyl)-pyridine 5 A
suspensi on of 2-brono-5-(nethanesul fonyl)-pyridine (7.3 g, 116 mmol),
triethylamne (14.7 g , 145 mmol ), and azine hydrate (7.26 g, 145 mmol)
in water (205 nL) was heated to 70C. T ction m xture becane
honbgenous bé&Ytet ie cleleedis:oduct started to precipitate out of this mxture
(after 90 m nutes)y. Th | ' ' 70C for total of 5
hours and then was all (?V\F/gg&tgyoggro ﬁggég%mnwg%ﬂép%?ﬂ?gﬁénd stirred for 18
10 hours. The precipitated product was collected by filtration, dried and
recrystallized fromhot ethanol to aff R
2- hydr azi nyl - 5- (net hanesul fonyl ) - pyri di
NVR (300 MHz, CDCI3) 8 3.12 (s, 3H),
Il H, 7.81 (dd, J1=9.0 Hz, J2=2.4 Hz,[ , 8.38 (d, 2.3 Hz, I H), 8.57
(br s, 1 H. WO 03/029244 PCT/|B02/ 039 4 CLAIMS What is claimed is: 1.
A process for preparing a conpound of t formula 1 1SR4 /NR N N R2
R3 5 which conprises conbining (alii\a\ﬁmzpund of formula 2 R RLR32 .0
/
2

in 86%yield. Analytical data: 1H
42 br s, 2H), 6.80 (br d, J=8.7 Hz,

O (b) a compound of fornmula 3 10

R R®
5
which comprises combining
(a) a compound of formula 2
R2
1 =
W z
0 0
(b) a compound of formula 3
10
so,R*
AN 3;
~N
NHNH,
(c) one or more acids;
(d) one or more water-miscible organic solvents; and
(e) water;
15 wherein

R'is phenyl optionally substituted by 1-3 substituents independently selected from
the group consisting of halo, hydroxy, cyano, mercapto, (C-Cg)alkyl, (Co-Cs)alkenyi, (C;-
Ce)alkoxy, -OCF;, (C4-Cg)alkyl-S-, (C;-Cg)alkyl-S(=0)-, (C;-Cs)alkyl-SOz-, amino, (C;-
Ce)alkylamino, di[(C,-Cg)alkyllamino, HoN-(C=0)-, (C;-Cg)alkyl-NH-(C=0)- and formyl;
20 R? is hydrogen, halo or (C4-Cg)alkyl;
R%is (C4-Ce)alkyi optionally substituted with one to three halo atoms; and
R* is (C4-Ce)alkyl.



S2R4 QLN NHNH2 (c) one or nore acids; (d) one or nore water-m scible
organi c solvents; and (e) water; 15 wherein Rl is phenyl optionally

substit utwo 29248 substituents independently sel ected fr@cI/IBi03gesoup
consi sting of hal o, hydroxy, cyano, m¥r capto, (Cl-C6)alkyl, (C2-C6)alkenyl,
(C1- Co)al koxy, -OCF3, (Cl-C6)alkyl-S-, (Cl-C6)alkyl-S(=0 -,

Cl1- C6) al kyl - SO2- ,, am Cl- al kyl am no, . di [ (C1- C6) al kyl . ami no, .
I(-IZN-(C)=O)-?/ (ClL- CB) al ky[*® CE&%@'a'a"n)é' %”?Frr%‘ﬂ 'Ehezc{ﬁ“gF?é T%)QWM'G RIGRBIC or

( C1- C6) al ky| solwemts apmpiise qbF)aa Mete waigtrniseihlel ajcopelpst i t ut ed with one to three
hal o atoms; and B4 i s ThEprocBEsak kil 1, WAHSh QA%RE bR bdribtel 43R0 Bresdedr The
process of claim1, wherein the one or nore water-m scible organic

sol vent s cor‘rfﬁ%'i se one or nore water-m scible alcohols. 3. The process of
claim 15 wherein @a) afte plopessroécigiond)iwredein () tish@nbires e/ts @ notture C3t.ledst ) The
process of chLgi 3, wherein (a) is conbined with a mixture of at I|east (b)
and (e). 5. The process of claim4, Wnerei_n@éa) is conmbined with a mxture
of at least (b), °(c) ARYPIEFSS %Bolaimife iteerin s isoPmeingd Wittsa miese f at leapfeb),

m xture of (k)and@). and (e) is prepared by 10 conbining (b) with a m xture

f I d T . f. ¢lai.m4, er ei m xture, of at
Ceast () and (ch 0 s compPoser S BoReEident fsPule o BIrehed @ufviniefey’ &
The prd@ess &ImRINIRg ¢ with amiuse of ahlepstielans (6F (a) and (d) is conmbined with a
mxture of (b), (@) andhé procestdr daimlNavHEraf aFSxt@e of hALa% d) aMEH & dmbRkg 2nd

(b) are conbjne efore the ition of (e). 10. The process of claim?9,
wher ei n (a),wtrt]rb e%ﬁﬁgfasatéeraé?@g i(%ed before the addition of (e).
8.

The process of claim 7, wherein a mixture of (a) and (d) is combined with a
mixture of (b), (¢) and (e).

15 9. The process of claim 1, wherein (a) and (b) are combined before the addition
of (e). .
10. The process of claim 9, wherein (a), (b) and (d) are combined before the
addition of (e).
11. The process of claim 9, wherein (a), (b) and (c) are combined before the
20 addition of (e).
12. The process of claim 11, wherein (a), (b), (c) and (d) are combined before the
addition of (e).
13. The process of claim 1, wherein the temperature is maintained at a
temperature lower than the reflux temperature of the combination of (a), (b), (c) and (d).
25 14, The process of claim 1, wherein the temperature is maintained at a
temperature lower than the reflux temperature of the combination of (a), (b), (c), (d) and (e).
15. A compound of the formula 4:
SO,R*
~
PN
4;
R AN
R2 RS
wherein
30 R'is phenyl optionally substituted by 1-3 substituents independently selected from

the group consisting of halo, hydroxy, cyano, mercapto, (Cs-Ce)alkyl, (C,-Cs)alkenyl, (C-



11. The process of claim9, wherein (a), (b) and (c) are conbi ned before
the 20 addition of (e). 12. The process of claim1ll, wherein (a), (b), (c)
and (d) awe osophitned before the addition of (e). 13. TherPomaBex®9s cl aim
1, wherein the tenperature is maintaized at a tenperature |ower than the
reflux tenperature of the conbination of (a), (b), (c) and (d). 25 14. The

process of cl.aj , Wherein the tenperature is lmintalned a _tenperature
Pover than tFAOKE 1u>¥<%’? @r‘rﬁg?%st)%?yté%df (eI el g¢11"§6?a?"(yé§g,’2"( NG ¢ 1S+ ( d)
and (e). 15Cs)aAkdamipd Jil@Eb)atkpianiing. hl:N4Ca0)- IC2RJalkMNH-(CRON and fddnytN  R2 R3

wherein 30 Rl is RhgRydrogPt hadal (oy-caydagt i tuted by 1-3 substituents
of hal o, hydroxy, cyano,

i ndependent |y sel get I the group. consistin

mer capto, (d - CB) gl R ‘Sﬁ‘éﬁé%g]"- Qfé'f"é?'&8H5?tlt‘ﬁ%‘&”'t'\med‘gWE?%‘EK’@KFH@TPW“BO2/ 03908 26
06) al kogy, - OCF3, R{i€(CEB)alkkyl - S-, (Cl- C6)al kyl - S(=0)-, (Cl-Cs)al kyl - SO2-,
am no, (Cl- Co6)al kyl am no, di[(Cl-C6)al kyl]am no, H2N-(C=O) -,

(C -Co)alkyl-NH(C=O - and fornyl; R2 is hydrogen, halo or (Cl-C6)al kyl; R3
is (Cl-C6)al kyl optionally substituted with one to three halo atons; and 5
R4 is (Cl-C6)alkyl.



